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Abstract: The addition of adjuvant chemotherapy to hormonal therapy 
is recommended for patients with estrogen receptor-positive (ER+), 
node-positive (N+) early breast cancer (EBC). Some of these patients, 
however, are not likely to benefit from treatment and may, therefore, 
be overtreated while also incurring unnecessary treatment-related 
adverse events and health care costs. The 21 -gene Recurrence Score 
assay has been clinically validated and recommended for use in 
patients with ER + , node-negative (NO) EBC to assess the 10-year risk 
of distant disease recurrence and predict the likelihood of response to 
adjuvant chemotherapy. A growing body of evidence from several 
large phase III clinical trials reports similar findings in patients with 
ER+, N+ EBC. A systematic review of published literature from key 
clinical trials that have used the 2 1 -gene breast cancer assay in patients 
with ER + , N + EBC was performed. The Recurrence Score has been 
shown to be an independent predictor of disease-free survival, overall 
survival, and distant recurrence-free interval in patients with ER + , 
N+ EBC. Outcomes from decision impact and health economics 
studies further indicate that the Recurrence Score affects physician 
treatment recommendations equally in patients with N + or NO disease. 
It also indicates that a reduction in Recurrence Score-directed che- 
motherapy is cost-effective. There is a large body of evidence to 
support the use of the 2 1 -gene assay Recurrence Score in patients with 
N+ EBC. Use of this assay could help guide treatment decisions for 
patients who are most likely to receive benefit from chemotherapy. 

Key Words: gene expression profiling, prognosis, breast cancer, cost- 
effectiveness, 21 -gene recurrence score 

(Am J Clin Oncol 2014;37:404^110) 

There were an estimated 227,000 new cases of breast cancer 
diagnosed in women in the United States in 2012 and an 
estimated 39,500 breast cancer deaths that same year. 1 In 
approximately half of the women newly diagnosed with early- 
stage breast cancer (EBC), the cancer has spread to nearby 
lymph nodes but has not yet metastasized to more distant parts 
of the body. 2 In treating these patients, the risk of distant 
recurrence (DR) and the potential benefit obtained from che- 
motherapy treatment must be balanced against the risk of adverse 
events associated with its use and the possibility of overtreatment 
without additional benefit. 3 Current guidelines recommend the 
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addition of adjuvant chemotherapy to hormonal therapy for 
patients with estrogen receptor-positive (ER+), node-positive 
(N +) EBC, 4 yet many of these patients may remain disease-free 
even if they do not receive chemotherapy. 5 Thus, a proportion of 
patients with N+ EBC may be overtreated, increasing health 
care costs and exposing patients to the toxic adverse events of 
chemotherapy, with little additional benefit. 

There is a need for improved risk assessment of patients 
with EBC to guide decisions about the use of surgery, che- 
motherapy, hormonal therapy, and/or radiation therapy. 6 ' 7 EBC 
is a heterogenous disease, not only in its characteristics and 
clinical course, but also in its molecular profile. Current 
methods for assessing disease prognosis, which use clinical 
and pathologic factors such as age, tumor size, tumor grade, 
and extent of nodal involvement in their evaluation, are limited 
in value for estimating the risk of DR 8 due to variability in the 
measure and because the risk estimate is based on an average 
and is not specific for the individual patient. Genomic profiles 
such as the 21 -gene Recurrence Score provide a quantitative 
estimate of the 10-year risk of DR, as well as stratifying 
patients with ER+ EBC into discrete risk categories, and is 
informative for identifying women who are likely to benefit 
from adjuvant chemotherapy and women who have a much 
lower likelihood of benefitting. 9-10 

A number of prognostic tools have been developed to 
predict outcome in women with EBC. The past decade has 
seen the emergence of assays that predict the risk of DR. These 
new prognostic tools may be based on specific protein 
expression on the tumor cells (eg, protein-based inmmuno- 
histochemistry [IHC]), or at the molecular level, whether it be 
assessing gene amplification (eg, fluorescence in situ hybrid- 
ization) or gene/protein expression (eg, reverse transcription- 
polymerase chain reaction [RT-PCR]). 11 Molecular assays that 
profile the expression of cancer-related genes more accurately 
reflect the biological state of the tumor and offer more relevant 
information on tumor status than anatomic characteristics, such 
as lymph node involvement, which do not reveal anything 
about the underlying heterogeneity of the tumor. 

Approximately 20% of women diagnosed with EBC will 
experience recurrence at a distant site within 10 years. 5 Thus, it 
is important that assays differentiate patients with a higher or 
lower risk of DR. To be most useful, a risk assessment assay 
needs to demonstrate both clinical validity and clinical utility 
(relevance for therapeutic decision-making), 12 as determined 
by the level of evidence (LOE; I to IV) 13 generated, which 
depends on the design of the study in which the assay is tested. 
The highest LOE is level I, and a new designation of level lb 
has now been defined, which uses archived tissue specimens 
from large, randomized, clinical studies with long-term out- 
comes that prospectively define the endpoints and analyses. 13 
A robust LOE category provides the evidence and a sound 
scientific foundation for clinical recommendations, guiding 
actual change in clinical practice. 12 Studies that aim to 
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determine clinical utility are designed differently than vali- 
dation studies (level I evidence is not generated). However, 
studies that demonstrate either clinical validity or clinical 
utility are equally valuable and informative because they 
reflect the impact of the assay results on treatment decisions 
and also provide evidence for direct clinical applicability. 

Assays that have been validated for use in patients with 
EBC include the 5-antibody IHC panel (Mammostrat; Clarient, 
Aliso Viejo, CA), 14-16 the 70-gene signature microarray assay 
(MammaPrint; Agendia, Irvine, CA), 17,18 the PAM50 gene 
expression signature probe target-based messenger ribonucleic 
acid (mRNA) (nonamplification) assay (Prosigna; NanoString 
Technologies, Seattle, WA)," ,2 ° and the Recurrence Score 
RT-PCR-based assay (Oncotype DX, Genomic Health, Red- 
wood City, CA). According to the analysis by Hornberger 
et al, 12 the 5-antibody IHC panel and the 70-gene signature test 
satisfy LOE II for predicting the risk of DR and overall survival 
(OS), whereas the Recurrence Score satisfies LOE I for pre- 
dicting DR, OS, and response to chemotherapy and LOE II for 
predicting local recurrence. The analysis by Hornberger and 
colleagues did not include the PAM50 gene expression signature 
assay, as it had not yet achieved regulatory approval or been 
performed in a Clinical Laboratory Improvement Amendment 
(CLIA)-certified laboratory at the time of the analysis. 

In studies that used the 5-antibody IHC panel, the cal- 
culated risk (low, medium, or high) of recurrence was found to 
be independent of tumor stage, grade, or lymph node status in 
women with hormone receptor-positive EBC. 14-16 The 70- 
gene signature microarray assay was shown to be an inde- 
pendent predictor of 5-year DR (low or high risk), independent 
of patient age, tumor grade, and tumor size in women with NO 
EBC, 17 and was significantly superior to traditional prognostic 
factors in predicting breast cancer-specific survival (BCSS) 
(P = 0.005) in women with 1 to 3 positive lymph nodes. 18 The 
PAM50 risk of recurrence (ROR) score provides prognostic 
information about 10-year DR (low risk or luminal A sub- 
group), independent of the clinical treatment score (integrated 
prognostic information from tumor size, nodal status, histo- 
pathologic grade, age, and treatment with anastrozole or 
tamoxifen) alone (P<0.001), in postmenopausal women with 
ER+, human epidermal growth factor receptor 2 (HER2) 
negative, NO or N+ EBC. 19 - 20 

The 21 -gene assay Recurrence Score uses RT-PCR to 
measure the mRNA expression levels of 16 cancer-related 
genes (Proliferation: Ki67, STK15, survivin, cyclin Bl, 
MYBL2; Invasion: stromolysin 3, cathepsin L2; HER2: GRB7, 
HER2; Estrogen: ER, PR, Bcl-2, SCUBE2; Other: GSTM1, 
CD68, BAG1) and 5 reference genes (fi-actin, GAPDH, 
RPLPO, GUS, TFRC). 21 The Recurrence Score result, which 
was clinically validated in the National Surgical Adjuvant 
Breast and Bowel Project (NSABP) trial B-14, 21 provides a 
quantitative estimate of the 10-year risk of DR in patients with 
ER+, NO EBC. Although the recurrence risk estimates based 
on the 21 -gene expression profiles reflect the biology of the 
tumor and vary on a continuous scale from 0 to 100, patients 
can also be classified into discrete risk categories of low, 
intermediate, or high, based on the Recurrence Score result: a 
score result < 1 7 is categorized as low risk, a score result of 
18to 30 is considered to be intermediate risk, and a score result 
> 31 is categorized as high risk. 21 

The Recurrence Score result was validated in a second 
study, using a cohort of patients from the NSABP B-20 trial 
who were ER + , NO, and showed that patients with a high 
score result derived benefit from adjuvant chemotherapy, 
whereas patients with a low score result did not 22 Further 
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validation of the robustness of the Recurrence Score assay was 
provided by a subsequent population-based study of patients in 
the Northern California Kaiser Permanente healthcare system, 
where the Recurrence Score result was found to be associated 
with a risk of death due to breast cancer in ER + patients, both 
those who were treated with tamoxifen (P = 0.003) and those 
who were not (P = 0.03) 23 

On the basis of an increasing understanding of the biol- 
ogy of breast cancer and new genomic-based/molecular-based 
assays that reveal the underlying biology, efforts to apply 
similar principles to ER+, N+ EBC patients have been 
undertaken. The primary question is: What is the stronger and 
more important driver of the risk of DR — the biology of the 
disease or the anatomy of the disease (ie, spread to the lymph 
nodes)? 

This review will describe the results from key trials 
examining the use of the Recurrence Score result in patients 
with ER + , N+ EBC. The cost-effectiveness of the assay and 
its effect on real-world clinical decision making (clinical 
utility) will also be addressed. 

MATERIALS AND METHODS 

A systematic evaluation of published clinical studies was 
performed. Validation studies from phase III clinical trials that 
used the Recurrence Score in patients with ER + , N + EBC were 
included. Study results could be published in peer-review med- 
ical journals (as accessed through PubMed) or as an abstract in 
international congresses. Key search terms included: Recurrence 
Score, N + , early breast cancer, ER-positive, phase III, clinical 
utility, and cost-effectiveness. 

Validation studies were identified that met a preset LOE 
(lb) for prognostic and predictive information, including out- 
comes for DR, disease-free survival (DFS), disease recurrence- 
free interval (DRFI), OS, and/or BCSS. 

RESULTS 

Use of the Recurrence Score Result in ER + , 
Node+ EBC 

Evaluation of the published literature revealed several 
validation studies that met the preset LOE or criteria. These 
large studies reported results that demonstrated that the 
Recurrence Score result provides both prognostic and pre- 
dictive information in patients with ER + , N+ EBC (Table 1). 

Southwest Oncology Group (SWOG) 8814 

SWOG 8814 was a phase III randomized trial in post- 
menopausal women with ER + , N + EBC treated with tamox- 
ifen alone (n= 148) or cyclophosphamide, doxorubicin, and 
fluorouracil (CAF) chemotherapy followed by tamoxifen 
(n = 219). 9 In the tamoxifen-only arm, the Recurrence Score 
result was found to be prognostic for 10-year DFS, stratified by 
the number of positive nodes. Ten-year DFS estimates were 
60%, 49%, and 43% for patients with low, intermediate, and 
high Recurrence Score risk groups, respectively (log-rank 
stratified P = 0.017). Ten-year BCSS estimates (in which all 
deaths not related to breast cancer were censored) for the high 
Recurrence Score risk group was 54% for patients treated with 
tamoxifen and 73% for patients treated with CAF followed by 
tamoxifen (P = 0.033). The Recurrence Score risk category was 
also found to be prognostic for OS in all risk categories (low, 
77%; intermediate, 68%; high, 51%), stratified by the number 
of positive nodes (log-rank stratified P = 0.003). There was no 
benefit observed for the addition of CAF therapy to tamoxifen 
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TABLE 1. Results of 21 -Gene Recurrence Score Assay in Phase I 
Breast Cancer 



I Trials of Patients With Hormone Receptor-positive, Node-positive 



Results 



Recurrence Score 



Study Design 



Samples 

Assessed 



Outcome 

Assessed 



Low Risk 

(<17) 



Intermediate 
Risk (18-30) 



High Risk 
(>31) 



SWOG 8814 
(phase III) 9 
ER + , N + ; 
tamoxifen 
alone vs. 
CAF followed 
by tamoxifen 

ATAC 

(phase III) 10 
Postmenopausal 
HR + , NO or 
N + ; tamoxifen 
or anastrozole 

NSABP B-28 
(phase III) 24 
ER + , N + ; 
tamoxifen with 
chemotherapy 

ECOG 2197 
(phase III) 25 
HR+, 0-3 
positive axillary 
nodes; 
doxorubicin- 
containing 
chemotherapy 



N = 367 



N=1231 

(NO, n = 872; 
N + , n = 306) 



N=1065 



lOy DFS 
estimates, 
OS, BCSS 



9 y DR rates 



DFS, DRFI, OS 



N = 465 



5 y DR rates 



DFS: 60% 
OS: 77% 



NO: 4% 

(95% CI, 3-7) 
N + : 17% 

(95% CI, 12-24) 



DFS: 76% 

(95% CI, 71-80) 
DRFI: 81% 

(95% CI, 76-85) 
OS: 90% 

(95% CI, 86-93) 
0-1 positive nodes: 

3% (95% CI, 

2-5) 
2-3 positive 

nodes: 8% 

(95% CI, 4-14) 



DFS: 49% 
OS: 68% 



NO: 12% 

(95% CI, 8-18) 
N + : 28% 

(95% CI, 20-39) 



DFS: 57% 

(95% CI, 52-62) 
DRFI: 65% 

(95% CI, 60-70) 
OS: 75% 

(95% CI, 70-79) 



DFS: 43% 
OS: 51% 
BCSS (tamoxifen 

only: 54%; 

CAF-tamoxifen: 

73%) 

NO: 25% 

(95% CI, 17-34) 
N + : 49% 

(95% CI, 35-64) 



DFS: 48% 

(95% CI, 42-53) 
DRFI: 56% 

(95% CI, 50-61) 
OS: 63% 

(95% CI, 57-68) 



DFS: P = 0.017 
OS: P = 0.003 
BCSS: P=0.033 



DFS: P <0.001 
DRFI: P <0.001 
OS: P <0.001 



ATAC indicates arimidex, tamoxifen, alone or in combination; BCSS, breast cancer-specific survival; CAF, cyclophosphamide, doxorubicin, fluorouracil; CI, 
confidence interval; DFS, disease-free survival; DR, distant recurrence; DRFI, disease recurrence-free interval; ECOG, Eastern Cooperative Oncology Group; ER+, 
estrogen receptor positive; HR+, hormone receptor positive; N + , node positive; NO, node negative; NSABP, National Surgical Adjuvant Breast and Bowel Project; OS, 
overall survival; SWOG, Southwest Oncology Group. 



in the low Recurrence Score group (hazard ratio, 1.02; 95% 
confidence interval [CI], 0.54-1.93; log-rank P = 0.97), but for 
the high Recurrence Score group, there was major improvement 
in DFS associated with the addition of CAF to tamoxifen 
(hazard ratio, 0.59; 95% CI, 0.35-1.01; log-rank P = 0.03). 
Because of the small sample size in this study, CIs were 
extremely broad in the low-risk Recurrence Score group; 
therefore, the possibility of a benefit with CAF in this group 
cannot be fully ruled out. 

Arimidex, Tamoxifen, Alone or in Combination 
(ATAC) 

The translational arm of the ATAC (TransATAC) phase 
III randomized trial compared adjuvant treatment with anas- 
trozole alone versus tamoxifen alone versus anastrozole com- 
bined with tamoxifen for 5 years in 9366 postmenopausal 
women with ER+ or ER(— ) EBC. 26 The prognostic ability of 
the Recurrence Score was evaluated in patients with ER + 
EBC in the anastrozole-alone or tamoxifen-alone arms only. 10 
In patients who were NO (n = 872), a low Recurrence Score 
result was associated with a lower likelihood of DR at 9 years 
(4%), whereas conversely, a high Recurrence Score result was 
associated with a higher likelihood of DR (25%). Importantly, 
these associations were also found to hold true in patients who 
were N+ (n = 306), with low and high Recurrence Score 
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values having 17% and 49% rates of DR, respectively. When 
adjusted for clinical variables (eg, tumor size, grade, age, and 
treatment) in patients who were N + , the hazard ratio between 
high and low Recurrence Score groups was 2.7 (95% CI, 1.5- 
5.1), and between intermediate and low Recurrence Score 
groups was 1.8 (95% CI, 1.0-3.2; log-rank P< 0.001), with 
increased risk of DR with higher Recurrence Score results. In a 
multivariate analysis, the Recurrence Score result was found to 
be significantly associated with time to DR for both NO and 
N+ EBC (P<0.001 andP = 0.002, respectively). 

NSABP B-28 

In the phase III NSABP B-28 trial, 3060 premenopausal 
and postmenopausal women with ER+ (n = 2019) or ER- 
negative/borderline (n=1041), N+ EBC were treated with 
tamoxifen plus adjuvant chemotherapy (doxorubicin/cyclo- 
phosphamide or doxorubicin/cyclophosphamide followed by 
paclitaxel); 2687 patients also received concurrent endocrine 
therapy. 27 Patients who were ER+ and had received endocrine 
therapy were included in an analysis of the Recurrence Score 
(n= 1065) 24 In a univariate analysis, the Recurrence Score 
result was a significant predictor of DFS, DRFI, and OS 
(P< 0.001 for all 3 endpoints) (Table 1). In a multivariate 
analysis, the Recurrence Score result was found to be an 
independent prognostic factor for DFS, DRFI, and OS 
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(P< 0.001). These results demonstrate that the Recurrence 
Score result can stratify ER + , N + patients for the residual risk 
of DR. Furthermore, for patients with low-risk disease, the 
addition of a taxane to an anthracycline-based regimen did not 
seem to have any benefit, suggesting that aggressive chemo- 
therapy may not be warranted in patients with a low Recur- 
rence Score result. 28 

Eastern Cooperative Oncology Group (ECOG) 2197 

In the phase III ECOG 2197 trial, 2185 premenopausal and 
postmenopausal women with ER + , N+ (1 to 3 positive axillary 
nodes) or NO EBC were treated with doxorubicin-containing 
chemotherapy or docetaxel plus endocrine therapy. The Recur- 
rence Score result was evaluated in patients who were treated 
with doxorubicin-containing chemotherapy (n = 465). 25 The 
Recurrence Score result was found to be a significant prognostic 
marker for DR. When evaluated as a continuous variable up to 
40, a significant correlation was seen between the Recurrence 
Score result and the rate of actual recurrence at 5 years 
(P< 0.001 for both NO and N+ groups). When evaluated as a 
categorical variable, the Recurrence Score result was found to 
stratify patients with N + disease for recurrence risk. For patients 
with a low Recurrence Score result (46%), those with 0 to 1 
positive nodes had <3% ROR at 5 years, whereas those with 2 to 
3 positive nodes had an 8% risk at 5 years. As noted by the 
investigators, however, as both arms included chemotherapy, it is 
unclear whether the favorable outcomes in patients with low 
Recurrence Scores results were related to chemotherapy benefit, 
good prognosis, or a combination of both. 25 These findings 
suggest that in patients with a low Recurrence Score result, 
chemotherapy regimens such as those used in ECOG 2197 can 
yield excellent 5-year disease-free intervals in patients who are 
ER+ and NO or are N+ with up to 3 positive nodes, whereas 
patients with high Recurrence Score results may derive benefit 
from more aggressive treatment regimens. These results were 
further confirmed in a follow-up analysis at 10 years, which 
found that the Recurrence Score continued to be a highly sig- 
nificant prognostic marker for recurrence in both NO and N + 
EBC (P<0.0001). 29 

Consistent results across multiple studies support the 
Recurrence Score as a prognostic indicator for DR for tamoxifen- 
treated patients with N+ EBC. Similarly, results from the SWOG 
8814 trial suggest that the Recurrence Score could predict which 
postmenopausal patients may derive benefit from the addition of 
chemotherapy to tamoxifen therapy and which patients are 
unlikely to benefit from the addition of chemotherapy. 

In summary, there is now a large body of evidence sup- 
porting the utility of the Recurrence Score result in patients 
with ER + , N+ EBC. By utilizing the Recurrence Score, 
clinicians may be able to identify a subset of patients with N + 
disease who are at the highest risk for recurrence and could 
potentially benefit from chemotherapy treatment, as well as 
patients who are low risk for DR and may not derive much, if 
any, benefit from chemotherapy. The cumulative results from 
these studies help to support a greater understanding of each 
individual patient's tumor biology as reflected in the Recur- 
rence Score result, and may help guide treatment decisions so 
that patients can benefit from all available information 
regarding their individual tumor, beyond just nodal status 
(patients with nodal spread have a higher risk overall, com- 
pared with patients without positive nodes). 

SWOG S1007/RxPONDER 

In January 201 1, the randomized phase III Treatment for 
Positive Node, Endocrine Responsiveness breast cancer trial 
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(RxPONDER; NCT0 1272037) was initiated to evaluate the use 
of the Recurrence Score in the decision-making process of 
whether to administer chemotherapy to patients with N + 
disease who are receiving endocrine therapy. 30 ' 31 Approx- 
imately 4000 patients with ER+ and HER2-negative EBC 
involving 1 to 3 lymph nodes with a Recurrence Score result of 
<25 will be enrolled. Patients will be stratified by the 
Recurrence Score (0 to 13 vs. 14 to 25) and randomized to 
receive hormone therapy alone or hormone therapy plus che- 
motherapy. Study enrollment is expected to be completed in 
late 20 1 6. 32 The RxPONDER trial aims to validate the results 
of SWOG 8814 (that patients with a low Recurrence Score 
result do not benefit from the addition of chemotherapy 9 ) using 
current chemotherapy regimens in patients with a low to 
intermediate Recurrence Score results. Another objective is to 
identify a Recurrence Score threshold to guide treatment 
decisions regarding the administration of chemotherapy in this 
patient population. 

Decision Impact Data 

In addition to the clinical validation studies, the clinical 
utility of the Recurrence Score has been demonstrated in 
several decision impact studies. 

A recent German study evaluated the impact of the 
Recurrence Score on treatment decisions in 366 patients with 
EBC, 244 of whom were NO and 122 of whom were N + . 3 
After receiving the Recurrence Score result, treatment rec- 
ommendations were changed in 30% and 39% of patients with 
NO and N+ EBC, respectively, with an overall reduction in the 
recommendation for chemotherapy. Overall, for those patients 
with an initial chemotherapy recommendation, a high Recur- 
rence Score resulted in increased (27%) use of chemotherapy, 
whereas a low or intermediate Recurrence Score resulted in 
decreased (73% and 3%, respectively) use of chemotherapy. 

As reported by questionnaire, physician confidence in 
their treatment recommendations increased in 45% of all cases 
(P <0.001), 3 including in 45% of patients with NO and 46% of 
patients with N+ EBC. 33 Patient decisional conflict decreased 
by 6% overall (P = 0.028). 3 

These results are consistent with those reported in other 
studies, including an Australian study of patients with ER+, 
HER2-negative EBC. 34 In this study of 151 patients with NO 
(n= 101) and N+ (n = 50) EBC, data show that initial treatment 
recommendations were changed for 36 (24%) patients post- 
Recurrence Score assay, including 23% (23/101) and 26% (13/ 
50) of patients with NO and N+ disease, respectively. The 
majority of changes were from initial recommendations of che- 
motherapy plus endocrine therapy to a recommendation post- 
Recurrence Score of endocrine therapy alone; for 15.9% of 
patients (24/151), treatment recommendation changed from 
chemotherapy plus endocrine therapy to endocrine therapy alone. 
For 7.9% of patients (12/151) who were initially recommended 
endocrine therapy alone, treatment recommendation was 
changed to chemotherapy plus endocrine therapy. 

A total of 160 medical oncologists who ordered the 
Recurrence Score for patients with hormone receptor-positive, 
N + EBC responded to a study survey regarding the impact of 
assay results on their treatment recommendations. 35 Of the 138 
patients who received a treatment recommendation before their 
Recurrence Score was obtained, 70 (51%) had their recom- 
mendation changed after receiving their Recurrence Score 
result. Forty-six (33%) patients had their treatment recom- 
mendation changed to eliminate chemotherapy. Thirteen (9%) 
patients had their recommended treatment intensity increased 
to include chemotherapy in addition to hormone therapy. 
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Overall, these studies showed that physicians used the 
Recurrence Score assay result to reassess patient ROR, and in a 
large percentage of cases (26% to 51% of N+ cases), changed 
their treatment recommendation following receipt of the 
Recurrence Score. In the majority of NO and N+ cases (60% 
to 66%), changes in treatment recommendations led to the 
elimination of chemotherapy. 3,34 ' 35 Use of the Recurrence 
Score also led to increased physician confidence in their 
treatment recommendations. 

Health Economics 

A proportion of patients with N+ EBC may be at risk of 
overtreatment, thereby increasing health care costs and also 
exposing patients to chemotherapy-related adverse events with 
little additional benefit. Reduction in chemotherapy usage from 
Recurrence Score-directed therapy decisions has been shown 
to be cost-effective. In the United States, an economic analysis 
based on the NSABP B-14 study data estimated that reclassi- 
fying patients who were defined by National Comprehensive 
Cancer Network (NCCN) guidelines to be low risk as inter- 
mediate/high risk as defined by the Recurrence Score was 
projected to increase costs (by about $25,000 [2005 US Dollars 
(USD)], with an average gain in OS of 1.86 y per reclassified 
patient). In contrast, reclassifying NCCN-defined high-risk 
patients as low risk based on Recurrence Score was expected to 
be cost-saving (by approximately $9000 [2005 USD] in life- 
time costs). 36 Among a hypothetical cohort group of 100 
patients that were based on NSABP B-14 data (where >90% 
were defined as high risk by NCCN guidelines), Recurrence 
Score-guided therapy was estimated to increase quality- 
adjusted life years (QALY) by 8.6 years. Use of Recurrence 
Score was predicted to lead to reclassification of 2 patients 
from low to intermediate/high risk and 45 patients from high to 
low risk, leading to improvements in quality-adjusted survival 
and reducing overall costs by $202,828 (2005 USD). 

In addition, a joint study of the NSABP B-14 and B-20 
data found that Recurrence Score-guided treatment decisions 
resulted in greater efficacy (a gain of 2.2 y in life expectancy) 
with acceptable cost-effectiveness ratios ($1944 [2007 USD]/ 
life-year saved) compared with tamoxifen alone, and similar 
efficacy and lower costs compared with chemotherapy plus 
tamoxifen ($3385 [2007 USD]/life-year saved). 37 

Further data from a decision-analytic model study pre- 
dicted that, among 2 million patients from a managed care plan 
with N+ ER + , HER2-negative EBC, adoption of the Recur- 
rence Score would improve health outcomes with no added 
incremental cost (net gains: 4.44 QALYs/y; savings: $13,476 
[2011 USD]/y). 38 

From a health care payer perspective, a cost-effectiveness 
analysis by Eiermann et al 3 that included patients with both NO 
and N+ EBC projected that the use of the Recurrence Score 
would save approximately €561 (2012 Euros) per patient, in 
part due to the reduced overall use of chemotherapy typically 
associated with Recurrence Score utilization. 

Finally, an economic analysis of 925 women with NO 
EBC enrolled with the insurance program Humana (Louisville, 
KY) assessed the real-world cost-effectiveness of treatment 
directed by Recurrence Score. 39 Following Recurrence Score 
testing, adjuvant chemotherapy was administered to 10% of 
low-risk, 36% of intermediate-risk, and 72% of high-risk 
Recurrence Score patients. On the basis of a meta-analysis of 
chemotherapy reduction post-Recurrence Score assay, a vali- 
dated Markov model estimated an average net savings of 
$1160 per patient, based on savings for chemotherapy drugs 
($1885), supportive care ($2578), adverse event management 
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($472), and prevention of DR ($199), after the cost of the test 
itself ($3975) (2011 USD for all). On the basis of claim data 
from Humana, a health insurance provider in the United States, 
Recurrence Score testing of these 925 women over a 4-year 
period decreased their overall total plan cost by >$1 million 
dollars (201 1 USD), while also projecting QALY gains of 2 to 
3 months for the tested patients. Together, these studies 
demonstrate that the Recurrence Score could be cost-effective 
and may be cost-saving in patients with NO EBC. 

Although limited research has been conducted thus far on 
the cost-effectiveness of Recurrence Score testing in patients 
with N+ EBC, a study based in the United Kingdom has eval- 
uated the cost-effectiveness of Recurrence Score-directed che- 
motherapy compared with chemotherapy for all eligible patients 
with ER+, N+ EBC, using recurrence rates from the SWOG 
8814 study. 40 Recurrence Score-guided chemotherapy resulted 
in a relatively modest increase of 0.16 QALY, but with an 
incremental cost-effectiveness ratio of £5529 (2011 UK pounds 
[GBP]) per QALY (using a cutoff of Recurrence Score >18). The 
probability that Recurrence Score-directed chemotherapy is 
cost-effective was found to be 0.61 at a willingness-to-pay 
threshold of £30,000 (2011 GBP) per QALY. 

Although these results demonstrated that the Recurrence 
Score has the potential to be cost-effective if adopted in the 
United Kingdom for N+ EBC, further research is needed. 
However, if results are similar to those seen in patients with NO 
EBC, there is the potential for improved utilization of health 
care resources through the use of the Recurrence Score. 



DISCUSSION 

Data from large, randomized trials indicate that the 
Recurrence Score is an independent predictor of outcomes in 
patients with N+ EBC, which is reflective of the biology of the 
disease, above and beyond nodal status. Forthcoming results 
from the RxPONDER trial (SWOG 1007) may confirm the 
findings from the SWOG 8814 study, which demonstrated that 
patients with low Recurrence Score results do not derive 
benefit from chemotherapy. However, in the absence of the 
RxPONDER data at this point in time, multiple clinical utility 
studies indicate that utilization of the Recurrence Score assay 
for N+ EBC could be a rational option for this patient pop- 
ulation. These studies have shown that, in patients with N + 
EBC, the Recurrence Score result impacts treatment decisions 
with a reduction in chemotherapy utilization. 

Recently, other molecular assays have reported results of 
studies in patients with N+ EBC, assessing the performance of 
their assay to prognosticate and potentially identify patients 
that are likely to benefit from chemotherapy. The 70-gene 
assay showed in a cohort of 144 N+ patients that the proba- 
bility of distant metastasis-free survival (DMFS) and OS at 
5 years was 94.5 (95% CI, 88.7-100) and 98.2 (95% CI, 94.7- 
100), respectively, for patients stratified as low risk, and 64.7 
(95% CI, 55.3-75.8) and 76.9 (95% CI, 68.5-86.3), respec- 
tively, for patients stratified as high risk. 41 The difference 
between low risk and high risk were significant for both DMFS 
(P = 0.0004) and OS (P = 0.03). Data from the PAM50 ROR 
assay showed that among 431 patients with N+ EBC, the 
probability of DMFS at 10 years was 100% for patients 
stratified as low risk, 93.6% (95% CI, 86.9-79.0) for patients 
stratified as intermediate risk, and 76.1 (95% CI, 69.9-81.2) for 
patients stratified as high risk (the difference between high risk 
and low risk for 10-year DRFS was noted as significant; 
however, P-values were not indicated in the publication). 42 
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CONCLUSIONS 

The advent of molecular profiling assays has moved the 
field forward by providing greater insight into individual 
patients' tumor biology and identifying which patients may or 
may not benefit from the addition of chemotherapy to adjuvant 
hormone therapy. This shift in patients away from receiving 
chemotherapy with N(— ) EBC has been substantial, and over 
the past 10 years the rate of chemotherapy use had decreased 
dramatically. The shift in patients with N+ EBC has not yet 
been as remarkable, but assays such as the 21 -gene Recurrence 
Score are beginning to have an impact. Treatment decisions 
based on the individual patient and their unique tumor biology 
will likely result in better outcomes overall by making sure the 
right patient receives the right therapy. With improved treat- 
ment selection (with or without chemotherapy), there will be 
improved quality of life, more efficient use of resources, and 
reduced direct and indirect costs. 
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